Abstract. Non-small cell lung cancer (NSCLC) is the most common subtype of lung cancer worldwide. The high mortality rate of NSCLC is due to a limited number of diagnosis being made at an early stage of disease. Therefore, the development of a novel biological marker for the diagnosis and prognosis prediction of NSCLC remains urgent. Current literature shows that microRNA-21 (miRNA-21/miR-21), as an oncogenic miRNA, is involved in the growth, metastasis and apoptosis of NSCLC cells through its control of various target molecules and signaling pathways. Notably, a growing body of evidence further shows that miR-21 is closely associated with the prognosis prediction, recurrence and diagnosis of cancer patients, indicating that miR-21 may be a novel promising biomarker for the diagnosis and prognosis prediction of NSCLC. The present review aimed to provide a summary of recent findings on the associated progression toward finding a novel biomarker for NSCLC.
Introduction
MicroRNA-21 (miRNA-21/miR-21), a member of the miRNA family, is encoded by the MIR21 gene located on chromosome 17q23.2 in humans (1) . The mature miR-21, which is formed from endogenous non-coding RNA molecules of ~22 nucleotides, is incorporated into an RNA-induced silencing complex, which binds to the 3'-untranslated region of various target mRNAs through imperfect base pairing with the miRNA (Fig. 1 ). The expression of miR-21 is significantly increased in a number of solid tumors, including lung, breast, colon, gastric and pancreatic cancer (2) (3) (4) (5) (6) (7) (8) (9) . Moreover, in previous studies, miR-21 was also upregulated in immune cells, promoted immune-related inflammatory diseases and played important roles in the pathogenesis of autoimmune diseases, including systemic lupus erythematosus, multiple sclerosis and type 1 diabetes (10) (11) (12) (13) . Emerging studies have shown that miR-21, as an oncogenic miRNA (oncomiR), is upregulated in non-small cell lung cancer (NSCLC) and can regulate the growth, metastasis and apoptosis, as well as the genetic instability, of cancer cells through altering the expression of various target molecules, such as phosphatase and tensin homolog, programmed cell death 4, Purinergic Receptor P2X 7 and phosphoinositide 3-kinase (14) (15) (16) (17) (18) . Importantly, even though the underlying mechanism of the expression of miR-21 remains largely unknown, a large number of studies have investigated the potential value of miR-21 expression in the prognosis prediction and diagnosis of NSCLC, indicating its potential use as a novel biomarker for cancer diagnosis, recurrence and prognosis prediction, which may harbor relevant clinical implications.
miR-21 and the prognosis of NSCLC
Tissue miR-21 expression and the prognosis prediction of NSCLC. In 2006, Yanaihara et al (19) was the first study to examine miRNA expression in frozen lung adenocarcinoma tissues and normal lung tissues using the microarray technique. The results showed that the expression level of 5 microRNAs, miR-155, miR-17, miR-21, miR-145 and let-7a, differed significantly among the various tissues from NSCLC patients, which may be associated with patient mortality. In particular, the expression of the 3 oncomiRs, miR-21, miR-17 and miR-155, was significantly elevated in the adenocarcinoma tissues. Further analysis (20) Finally, multiple logistic regression analysis indicated that high miR-21 expression was a novel independent prognostic factor for the reduced OS of NSCLC patients. Given the reliability of FFPETs in clinical pathology, it may be concluded that these results indicate that the regular measurement of miRNA-21 expression may represent an appropriate approach to the prognosis prediction of NSCLC.
Serum miR-21 expression and the prognosis prediction of NSCLC.
Recent studies have suggested that the level of serum-distinct miRNA molecules may be a useful biomarker for the prognosis prediction of various cancer types (26) (27) (28) (29) . In particular, the association between the level of serum miR-21 and the prognosis prediction of NSCLC has become the focus of a number of studies. The study by Wang et al (30) found that the serum miR-21 level in NSCLC patients were markedly higher than those in healthy individuals. The 3-year survival rate of the NSCLC patients with high serum miR-21 expression was significantly decreased compared with that of the patients with low serum miR-21 expression. Moreover, the study also noted a positive association between high levels of serum miR-21 and TNM staging and lymph node metastases in NSCLC patients. Based on a multiple logistic regression analysis of the OS in NSCLC patients, the serum miR-21 level is an independent prognostic factor for the disease (relative risk, 2.01). Additionally, Liu et al (31) reported that serum level of miR-21 was consistent with the cancer tissue level of miR-21 in the prognosis of NSCLC patients.
Notably, in a recent study, using a receiver operating characteristic curve to evaluate the prognostic value of serum miR-21 expression in NSCLC patients, Zhao et al (32) demonstrated that the sensitivity and specificity of using the relative expression of miR-21 in the prognosis of NSCLC patients were up to 73.8 and 71.1%, respectively, when the cut-off value was set at 1.22. When the NSCLC patients were separated based on this cut-off value, a Kaplan-Meier analysis indicated that the survival time of 23.1 months in the high miR-21 expression group (≥1.22) was significantly reduced compared with the 34.3 months recorded in the low miR-21 expression group (<1.22). In addition, Pearson's correlation analysis demonstrated that serum miR-21 levels were negatively correlated with the survival of NSCLC patients (r=-0.508). Since blood collection is an easy procedure to perform, these findings suggested that combining serum miR-21 detection with the evaluation of associated clinical information may become an important direction in predicting the prognosis of NSCLC.
miR-21 expression and cancer recurrence and metastasis in NSCLC patients
In 2013, Yang et al (33) detected 141 miRNAs in the cancer tissue from NSCLC patients and found significantly abnormal expression of 4 of these, namely miR-155, miR-21, miR-34 and let-7. Subsequent hazard ratio (HR) analyses further indicated that miR-21 expression was not only negatively correlated with the OS (HR, 2.32), but that it was also negatively correlated with recurrence-free survival (HR, 2.43), indicating that miR-21 also has a clinical value in predicting cancer recurrence in NSCLC patients (34) .
Accumulating evidence has suggested a potential value of cancer cell-derived exosomes in reflecting the development of various types of cancer. Consistent with this research, a recent study by Munagala et al (35) found that miR-21 levels in cancer exosomes could also be a biomarker of the recurrence of lung cancer. The study cultured a normal lung cell line (Beas-2b) and a lung cancer cell line (H1299) in vitro, and analyzed the miRNA expression profiles between cells and their exosomes. Data showed that there were significant changes in the expression of 77 miRNAs (including miR-21) in the H1299 cells compared with that in the Beas-2b cells. Notably, the miR-21 level in the exosomes from the H1299 cells was also significantly increased. Primary and recurrent xenograft lung cancer nude mouse models were then established and the significantly upregulated expression of miR-21 in the recurrent tumor tissues compared with the primary tumor tissues was observed. Moreover, miRNA expression, including miR-21, in the serum exosomes was also detected and a consistent result was obtained. This study suggested that miR-21 expression in serum exosomes could also be employed as a potential biomarker for recurrent lung cancer.
Previous studies have found that miR-21 expression may also be a potential prognostic marker in NSCLC with lymph node metastases. Stenvold et al (36) collected 335 tumor tissues from patients with NSCLC stage I to IIIa and measured the level of miR-21 in the tumor cells and basal cells using in situ hybridization. The study demonstrated that high miR-21 expression in the tumor cells was a positive prognostic indicator in the patients with lymph node metastases. By contrast, high miR-21 expression in the basal cells was an adverse prognostic indicator in the patients without lymph node metastases. A multiple logistic regression analysis further demonstrated that a low miR-21 level in the cancer cells was an independent adverse prognostic indicator in the patients with lymph node metastases (HR, 2.03). However, it is important to note that the findings from this study were inconsistent with those from other studies, in which it had been reported that miR-21 plays a role as an oncogene in regulating lung cancer metastases. Therefore, further studies are required to elucidate the reasons for such disparities. We hypothesize that the mechanism of differential miR-21 expression in the cancer and basal cells, which was associated with the abnormal activity of multiple cancer-related regulators, such as the signal transduction and activation of signal transducer and activator of transcription 3, activator protein 1, transforming growth factor β, and epidermal growth factor receptor (25) , may have contributed to this unexpected difference.
miR-21 expression and an early diagnosis of NSCLC

Plasma miR-21 level and an early diagnosis of NSCLC.
Although the detection of the plasma miR-21 level alone is not useful for an early diagnosis in NSCLC patients (37, 38) , recent studies have suggested that the combined detection of miR-21 and other associated molecules could improve the accuracy and specificity of an early NSCLC diagnosis. Tang et al (39) examined the abnormal plasma expression of 3 miRNAs (miR-21, miR-145 and miR-155) in 62 lung cancer patients and 60 smokers by qPCR. The area under the curve (AUC) analysis found that the combination of these 3 miRNAs had a high diagnostic rate for lung cancer (AUC, 0.874), with a sensitivity and specificity of up to 69.4 and 78.3%, respectively. The study then validated the diagnostic effect of these 3 miRNAs in 34 lung cancer patients, 30 patients with benign pulmonary nodules and 32 healthy smokers, and found that the combination of these miRNAs not only distinguished the lung cancer patients from the healthy smokers (AUC, 0.872; sensitivity, 76.5%; specificity, 81.3%), but also distinguished the patients with lung cancer from those with benign pulmonary nodules (AUC, 0.841; sensitivity, 76.5%; specificity, 80.0%). This study suggested that the detection of a combination of plasma miR-21, miR-145 and miR-155 could be a novel strategy for the early non-invasive screening of lung cancer. Further analysis also revealed that the combination of these 5 miRNAs could more accurately distinguish the clinical stages and pathological types of NSCLC, in particular the subtypes of squamous cell carcinoma (40) . In summary, these studies indicate that the measurement of the plasma miR-21 level could be an important complement to the early diagnosis of NSCLC patients.
Bronchoalveolar lavage fluid (BAL) miR-21 level in sputum and the early diagnosis of NSCLC.
A recent study revealed that the combined detection of miR-21 and other associated molecules in the sputum and BAL can be used in the diagnosis of NSCLC. Kim et al (41) examined sputum samples from 27 NSCLC patients and 11 healthy individuals, and a clustering analysis indicated that the sensitivity and specificity of using a combination of 5 miRNAs (miR-21, miR-143, miR-155, miR-210 and miR-372) in the early diagnosis of NSCLC were up to 67.8 and 90%, respectively. Meanwhile, the sensitivity and specificity of this miRNA combination in the BAL group were up to 86.7 and 100%, respectively, indicating that the miRNA expression profiles in sputum and BAL are potential biomarkers for the early diagnosis of NSCLC.
Based on the aforementioned study, a recent study by Razzak et al (42) examined the potential value of using 3 of the aforementioned miRNAs (miR-21, miR-210 and miR-372) in the early diagnosis of NSCLC. Sputum samples were collected from 21 early NSCLC patients (stages I and II), 22 late NSCLC patients (stage III and above) and 10 healthy controls. Clustering analysis further revealed that the sensitivity and specificity of using a combination of these 3 miRNAs in the diagnosis of early NSCLC were up to 67 and 90%, respectively, and that for late NSCLC, the sensitivity and specificity were up to 64 and 100%, respectively. Therefore, this study raised a notable point that, although the sensitivity of using the detection of 3 miRNAs in the diagnosis of late NSCLC was less than that of 5 miRNAs, their sensitivity and specificity in the diagnosis of early NSCLC remained relatively high. In clinical testing, detecting fewer miRNAs reduces the difficulty of performing the test, and thus, this study suggested that optimizing the combination of specific miRNAs in sputum samples for the early diagnosis of NSCLC will be an important focus in future studies.
Serum miR-21 level and an early diagnosis of NSCLC.
It is worth mentioning that a recent studies have revealed that serum miR-21 level also have a potential value in the early diagnosis of NSCLC. Yang et al (43) examined the abnormal expression of 4 miRNAs (miR-21, miR-148a, miR-148b and miR-152) in 152 NSCLC patients and 300 healthy individuals using qPCR, and AUC analysis showed that the combination of these miRNAs (AUC, 0.98) had a higher accuracy in the early diagnosis of NSCLC than a single miRNA (AUC, 0.81, 0.86, 0.90 and 0.82, respectively). In particular, the sensitivity and specificity of this combination in the diagnosis of early NSCLC were up to 96 and 91%, respectively, which was significantly higher than the miR-21 combinations from the sputum and the BALs used in the aforementioned studies. These data indicate that, in the future, the detection of an miR-21 combination in serum will be a useful method for the early diagnosis of NSCLC.
Conclusion
Recent studies have demonstrated that miR-21 is closely associated with the prognosis, recurrence, metastases and diagnosis of NSCLC, and may be applied as a potential biomarker in the disease (Table I) . However, there remain a number of problems that are yet to be elucidated; for example, whether or not miR-21 is associated with drug resistance in NSCLC, the regulatory mechanism of miR-21 in NSCLC, and how to develop miR-21-based clinical and biological therapeutic strategies for treating NSCLC. Further investigation of these questions will not only aid in elucidating the mechanism of NSCLC occurrence, but will also have significant implications for the development of associated clinical diagnostic methods, and novel therapeutic targets and strategies. 
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